Experimental: (i) Fabrication of biocatalytic sponges for GOx-PS/HRP-PS based cascade reaction:
To a 10 % (w/v) solution of silica nanoparticles, 10 mg of 25 kDa PEI (from 100 mg mL -1 stock solution) was added and vortexed for 10 minutes to form a layer-by-layer assembly of the PEI on the nanoparticles surface. To the resultant colloidal solution, 0.5 mL of GOx-PS (0.2 mg mL -1 ) solution and HRP-PS (0.2 mg mL -1 ) solution was added and stirred for 10 min. Further, 5 mg of PEGDE (from 100 mg ml -1 stock solution) was used to cross-link the protein clusters with PEI coated silica nanoparticles and frozen for 24 hours at -20°C, similar to the procedure in the literature. [1] After 24 hours, the sponge was thawed and washed with ample amount of MilliQ water to ensure removal of excess unreacted PEGDE.
(ii) Calculations related to Compression studies:

Calculation for product (pNP) formation:
The enzymatic conversion of para-nitrophenyl phosphate (pNPP) into para-nitrophenolate ion (pNP) by alkaline phosphatase (ALP; which mediates cleavage of phosphate bond under alkaline conditions) was monitored using UV-Vis spectrophotometer. The amount of product formed was measured at 410 nm (λ max of pNP). Absorbance values were obtained directly from the spectrophotometer as raw inputs for calculating ALP activity in the form of nALP/cALP/ALP-PS conjugate clusters. In the current system, the nALP/ALP-PS were immobilized inside Silica-PEI/Silk-PEI based sponges which serve as reaction centers. The concentration of product pNP obtained could be determined by absorbance values of pNP which diffused back in the aqueous solution after the reaction. However, since the sponges harbor positively charged PEI polymer chains, some amount of product, pNP (negatively charged), formed during enzymatic hydrolysis of substrate gets adhered to the sponges. Therefore, in order to determine the enzyme activity, product formation should be measured accurately and this necessitated removal of pNP which was electrostatically adhered to the sponges. Hence, the sponges were washed with 100 mM NaCl aqueous solution, to screen the interactions between pNP and PEI, and finally remove the entire trapped product. After this, the recorded absorbance (A) was divided by the extinction coefficient (ϵ) of pNP (i.e. 18.6 mM -1 cm -1 ), the obtained value was multiplied by a factor of 1000 for mM to µM conversion. To determine the hydrolytic capacity of immobilized nALP/ALP-PS (within the sponges), small cylindrical sponges (total sponge volume = 0.7 mL; containing 0.25 mg total protein) were used. These sponges were equilibrated to ambient temperature prior to assay. For these experiments at 37 ° C, the sponge was suspended in the reaction cuvette with the help of a non-interacting thread, and the substrate solution was stirred continuously at 200 rpm by using rice size magnetic needle to ensure complete mixing of all components and to avoid diffusion limitations. Kinetic mode in the UV-Vis spectrophotometer was used to measure the absorbance at 410 nm continuously for 15 minutes. At a particular substrate concentration, observed absorbance value was divided by the extinction coefficient (18.6 mM -1 cm -1 ) and multiplied by the unit conversion factor of 1000 (for converting millimoles to micromoles). Further, product formed (µM) was plotted against time of incubation to obtain a straight line where the product formation was linearly proportional with respect to time, indicating initial velocity (represented by slope of straight line) at that substrate concentration in terms of µM/min (termed as velocity
However, some of the product was entrapped inside sponge due to electrostatic interactions between the negatively charged pNP and positively charged PEI. In order to determine complete product formation (indicating rate of reaction) 100 mM NaCl aqueous solution was used for washing the sponges and release pNP in solution for measuring absorbance. The reattainement in colour of the sponges from bright yellow to snow white was used as an indication for the removal of all the adhered pNP to the sponges. The wash volume was finally collected and absorbance was determined at 410 nm using spectrophotometer; this value corresponded to the amount of product formed at the end of incubation (i.e. 15 minutes).
The velocity of formation of this product was assumed to be linear, and therefore total amount of product formed (calculated from the absorbance value as per Eq. 1) was divided by incubation time to obtain velocity of reaction in terms of µM min -1 (termed as velocity V 2 ).
Absolute initial velocity of reaction was obtained by addition of V 1 and V 2 at a particular substrate concentration; similar calculations were performed for each substrate concentration. 
(d) UV-Visible spectroscopy based activity profiles for control studies:
Control studies were performed on ALP-PS less Silica NPs-PEI sponge, nALP sponge, cALP sponge and ALP-PS sponge. All the sponges were equilibrated at room temperature after the addition of 1.5 mL pNPP solution (5 mM pNPP in 100 mM glycine Buffer with 1mM
MgCl 2 , pH 8.8) for ten minutes after which the product was compressed out and complete absorbance spectra was measured in UV-Vis Spectrophotometer without any dilution. pNPP showed an absorption maxima at 305 nm while, the product pNP absorbed at 410 nm ( Figure   S5 ). 3. Tables: Table 1 : Percentage Secondary Structure as obtained from fitting CD data using CDSSTR algorithm as presented in Figure 1d . Table 2 : Concentration of pNP formed in consecutive ten reusability cycles performed on the same sponge as presented in Figure 5c in the main manuscript. 
